Abbreviations: N, nitrogen; N 0, potentially mineralizable nitrogen; N 0kf, potentially mineralizable nitrogen determined by a fixed constant rate; k; constant rate; SOM, soil organic matter; POM, particulate organic matter; SOC, soil organic carbon; SON, soil organic nitrogen; C:N; carbon-nitrogen ratio of soil; POM-C. total particulate organic carbon; POM-N, total particulate organic nitrogen; cPOM-C, coarse particulate organic carbon; cPOM-N, coarse particulate organic nitrogen; fPOM-C, fine particulate organic carbon; fPOM-N, fine particulate organic nitrogen; CH, soil carbohydrates; CHt, total carbohydrates; CHs, soluble carbohydrates; gNmin, net N mineralization; Nan, anaerobic nitrogen; Nhyd, hydrolyzable N; NO 3 -N, cold nitrate; N 205 , N determined by spectrometer at 205 nm; N 260 , N determined by spectrometer at 260 nm; Pe, extractable P; BD, soil bulk density; NT, no-tillage system.
Introduction
The Argentinean Pampas region is regarded as one of the most important grain-producing areas worldwide, with wheat (Triticum aestivum L.), maize (Zea mais L.) and soybean (Glycine max L. Merr.) being the main crops (Satorre and Slafer, 1999) . Enhancing nitrogen (N)-use efficiency is also essential, particularly in semiarid and semihumid areas where fertilizers are rather costly and their efficiency is limited by low water availability. To determine rates of N fertilizer it is necessary to take into account the inorganic N in the soil and the organic N mineralized during the crop growing season . In particular, an accurate estimate of the N mineralized from soil organic matter (SOM) will allow to determine the rate of N fertilizer to optimize crop yield.
Most estimates of N supply through mineralization are based on aerobic incubation under controlled conditions over a long period of time (Stanford and Smith, 1972; . This method is used to determine the soil N fraction capable of being transformed into mineral forms, also referred to as potentially mineralizable N (N 0 ). This is the labile pool of organic N considered to be a standardized estimate of potential mineralization in soil (Ros et al., 2011; St. Luce et al., 2011) , i.e. it reflects the amount of organic N that can be mineralized.
A number of chemical and biological methods have long been applied to identify the potential mineralization of soil organic N in a quick simple way . Moreover, laboratories refuse to apply these methods on the grounds that they are rather time-consuming; modern soil testing laboratories, instead, strive for a short turn-around time and faster procedures. Biological indices such as anaerobic incubation are sensitive to different soil managements (Moya et al., 2016; . Chemical methods are based on the hypothesis that a specific extractant releases N from a pool, but they do not usually require that the N pool released by extraction should be chemically homogeneous or biologically significant (St. Luce et al. 2011) . Some authors (Gianello and Bremner, 1986) have proposed that soil digestion with a strong salt can be used to estimate soil N-mineralization. But chemical methods cannot simulate the action of microorganisms and they do not account for the effects of environmental conditions (Sharifi et al., 2007) .
Soil organic matter and its labile fractions are considered important factors in regulating N-dynamics (Ramírez et al., 2016; in view of their key role in N mineralization and N availability to crops. Available soil N is primarily produced by mineralization of SOM (Martínez-Lagos et al., 2015) , which supplies 50 to 80% of the N needed by the crop (St. Luce et al., 2011) . Soil organic N (SON) accounts for as much as 95% of total N in the topsoil. This organic fraction enters the soil as particulate organic matter (POM) through aboveground plant litter and root litter . The POM may provide more accurate information on N mineralization as it contains easily mineralizable N fractions. This fraction represents the mineralizable pool and it can easily predict the N mineralization capacity . Haynes (2005) reported that POM is an important labile N pool in several soils. However, decomposition of this labile fraction is heavily dependent on residue input and weather conditions , which vary significantly between years in semiarid and semihumid areas.
None of the mineralization indices or SOM fractions has been universally accepted as an indicator of the soil´s capacity to supply N and substantial uncertainty exists on their role in the N-cycle (Ros et al., 2011) . On the other hand, chemical and physical properties could affect the N mineralization (St. Luce et al., 2011) . However, understanding their function and interrelationships with other soil properties in the N-cycle may improve our ability to predict the N mineralization. For this reason, combining these properties in multiple regression (MR) models, could improve the prediction of N mineralization in different soils (Schomberg et al., 2009; Ros et al., 2011 ).
An extensive number of studies have related N mineralization to soil properties and climate conditions (Schomberg et al., 2009) . Combining SOM fractions and soil properties into MR models has been shown to improve the prediction of potential N mineralization (Schomberg et al., 2009; Dessureault-Rompré et al., 2010; Nyiraneza et al., 2011) . However, as was mentioned by different authors (Shukla et al., 2004; Ros et al., 2011) using MR could result in multicollinearity between the factors of the model, confusing the biological sense of each variable in the mineralization process. One way to reduce the multicollinearity and see the interrelationship of all variables in different dimensions is using a multivariate statistical analysis as the principal component analysis (PCA). Principal component analysis helps to avoid these problems by grouping highly correlated parameters into principal components (PC). Those PCs can be used as a new set of independent variables for regression analysis (Shukla et al., 2004) . Nowadays, there are few relevant studies by linking together N mineralization indices, labile organic fractions and soil properties by using multivariate analysis. In addition, this statistical analysis combines variables in such a way that the underlying soil factors relevant for predicting the potential N mineralization might be identified (Ros et al., 2011) .
In these soils under no-tillage (NT), POM input by crop residues is highly variable and usually low due to the climatic conditions. On the other hand, regarding the positive effect of POM on nutrient availability; especially, inorganic-N (Galantini and Landriscini, 2007) , there is a lack of information about the main factors that regulate the potential N mineralization when they are all considered together under these conditions. In addition, knowing information about the size and the cycling of this inorganic-N pool is important to develop adequate fertilization strategies (Martínez-Lagos et al., 2015) .
Our hypothesis is that understanding the interrela- with a wide range of depth fluctuation, texture, soil organic carbon (SOC) content and fertility (Álvarez and Lavado, 1998) . In semiarid and semihumid regions, soils are characterized by a low SOM content, and its dynamics is more strongly affected by water availability . I extractable P (Pe) (Bray and Kurtz, 1945) . Particle size distribution was determined by the pipette method (Gee and Bauder, 1986) . Also, undisturbed soil samples were taken to the 0-5, 5-10, 10-15 and 15-20 cm depths by core cylinders 5 cm in height and 4.7 cm in diameter to calculate bulk density (BD) (Blake and Hartge, 1986) . The analytical data of the sampled sites are summarized in Table 2 .
Materials and Methods

Experimental sites
Chemical and physical analyses
The soil samples were air-dried, sieved (<2 mm) and chemically analyzed for the following parameters:
SOC by dry combustion using a Leco C automatic analyzer (Leco Corporation, St Joseph, MI); soil organic N (SON) by micro-Kjeldahl method (Bremner, 1996) ; pH in a soil-water suspension of 1:2.5; Bray- Coarse-textured and fine-textured soils were incubated for 21 and 27 weeks, respectively. Sharifi et al. (2007) suggested that incubations should take at least 24 weeks to obtain reliable values of potential N mineralization.
A fixed k value (0.054 week -1 ) was used in the single exponential model (equation 1) to determine N 0kf , as
proposed by Sharifi et al. (2007) . Potentially mineralizable N with a fixed constant rate was determined with the same model (equation 1) fitting procedures as N 0 . These authors assumed an average k value determined by Stanford and Smith (1972) for 39 soils, to eliminate the effects of the colinearity of parameters when simultaneously fitting N 0 and k.
Labile soil organic matter fractions
Particle size fractionation of soil organic matter
The physical fractionation of SOM was performed by wet sieving (Duval et al., 2013) . Briefly, 50 g of soil previously air-dried and sieved was dispersed in 120 mL glass containers and mixed with 100 mL of distilled water. Ten glass beads (5 mm in diameter) were added to enhance destruction and reduce potential problems created by different sand contents. After dispersion, the soil suspension was sieved through two connected sieves (105 microns and 53 microns in diameter).
The sieves were moved back and forth, and the soil retained in the top sieve was sprinkled with distilled water until the water in the bottom sieve was clear to the naked eye. The fractions obtained were i) a coarse particle size fraction (105-2000 microns) containing coarse sands and coarse POM, and ii) a medium particle size fraction (53-105 microns) containing more stable or fine POM, and fine and very fine sand; the fine particle size fraction (<53 microns) was discarded.
Each particle size fraction was analyzed for C and N, and two fractions were obtained: i) particulate organic
Long-term aerobic incubation
The samples were subjected to an aerobic long-term incubation following the procedure by Griffin et al. (2008) . Briefly, 250 g of air-dried soil was sieved to 2 mm and placed in 1 L glass jars; two 5 mm diameter holes were drilled into each jar lid to facilitate the aerobic exchange. Distilled water was added to the soil in order to bring their moisture content to 60% of their water-holding capacity (Klute, 1986) and incubated for six drying-rewetting cycles at 25°C. An optimal temperature between 25 and 35°C was determined to study the potential N mineralization, whereas other authors (Griffin et al., 2008; Dessureault-Rompré et al., 2010) concluded that microbial activity was highest at 60% of water-holding capacity and lowest under 30%. Three replicates and a reference sample for controlling soil water content were incubated. Soil water content was measured daily; when it reached 30%, it was rewetted to 60% of water-holding capacity, and another drying-rewetting cycle began. After rewetting, the soils in the jars were sampled with a single 15 mm diameter core for each jar to determine soil inorganic N (NO 3 --N plus NH 4 + -N) by steam distillation (Mulvaney, 1996) . Following incubation, potential N mineralization was determined by non-linear regression (equation 1), assuming that the cumulative mineralized N (Nmin) fitted with an exponentially first-order kinetic model (Stanford and Smith, 1972) :
where: Nmin is the cumulative amount of N mineralized at time t, N 0 is the potentially mineralizable N, and k is the rate constant.
The N mineralized in the first two weeks was not used in the curve fitting model because it represented the initial flow of mineralization on rewetting (Nyiraneza et al., 2011) or net mineralization (Ros et al., 2011) .
C and N in the coarse particle size fraction (cPOM-C and cPOM-N, respectively) and ii) particulate organic C and N in the medium particle size fraction (fPOM-C and fPOM-N, respectively). Carbon and N contents in POM were determined using the same methods as for SOC and SON, respectively.
Total and soluble carbohydrates
Extraction of carbohydrates was performed employing two different samples. Total carbohydrates (CHt) extraction was performed by an acid hydrolysis as follow: 1 g of soil sample was treated with 10 mL 0.5 mol L -1 H 2 SO 4 , heated at 80°C for 24 h. In the other sample, soluble carbohydrates (CHs) extraction was carried out as follow: 1 g of soil sample was suspended in 10 mL of distilled water and heated at 80 °C for 24 h. After the extraction with hot water, H 2 SO 4 was added to obtain a 0.5 mol L -1 concentration as in the dilute acid hydrolysis procedure, and immediately processed. After extraction by each way, each suspension was centrifuged at 4000 rpm during 15 min (Puget et al., 1999) . Carbohydrate contents of the extract were determined by spectrometry using the sulphuric-phenol spectrometric method with glucose as the standard (Dubois et al., 1956) .
Indices of N mineralization
2.5.1.Chemical hydrolyzable nitrogen
The hydrolyzable N was chemically extracted by soil digestion with a strong salt solution of 2 mol L -1 KCl, as described by Gianello and Bremner (1986) . The procedure was performed by digesting 3 g of soil in 20 mL of the solution at 100 °C for 4 hours in a block digester. The sample was then cooled and NH 4 + -N was determined by steam distillation (Mulvaney, 1996) . (Mulvaney, 1996) .
Determination by UV-visible spectrophotometry
The procedure was performed according to the meth- The net N mineralization (gNmin) involved pre-incubation of soils using the long-term aerobic method (Sharifi et al., 2007) . The air-dried soil was placed in the respective bottle and distilled water was added to 60% of water-holding capacity; this was followed by incubation at 25°C for 12 days. The jars were then sampled with a sampler, and inorganic N (NO 3 --N plus NH 4 + -N) was determined by steam distillation (Mulvaney, 1996) .
Statistical analysis
A non-linear regression analysis was used to obtain 
Results
Soil chemical and physical characteristics
Soil organic C ranged from 13 g kg -1 to 31 g kg -1 with a mean value of 19 g kg -1 (Table 2) 
Potential N mineralization
A broad range of values was found for N 0 and N 0kf , the highest being 220.7 and 172.4 mg kg -1 , and the lowest 29.9 and 26.9 mg kg -1 , respectively. The mean value of k across all sites was 0.0329 week -1 , ranging from 0.0125 to 0.163 week -1 (Table 3) .
The relationship between N 0 and N 0kf was found to be very close (y=1.19x+0.97; P<0.001) with a high coefficient of determination (R 2 =0.94) (data not shown).
Soil N-mineralization indices and soil organic matter fractions
Nitrogen mineralization indices and soil labile organic fractions are shown in Table 4 , averaging 2.62 g kg , with an average of 0.29 g kg -1
. (Table 5) . Regarding soil texture, high and negative correlations were found between N 0 and N 0kf with sand, and positive with silt, which shows that these soils have a low clay content, except for soil 8 (Table 2) . ); CHt, total carbohydrates (g kg -1
); CHs, soluble carbohydrates (g kg -1 ).
Grouping N-mineralization indices, labile organic fractions and soil properties
Considering the significant highly correlated variables for N 0 and N 0kf (Table 5) , we conducted a PCA (Table 6 ). In N 0 , the PCA showed eigenvalues greater than 1 in the first four PCs, which accounted for 82% of the total variance. The PC1 explained 51% of the variance, and the loading was positive with SOM fractions (SOC, SON, CHs, fPOM-N) and negative with sand (Table 6 ). PC2 explained 14% of the variance, in which clay content showed positive associations. The third PC accounted for 10% and it had a high and positive loading for Nan, whereas the fourth PC explained 7%, with a high and negative loading for cPOM-N. In N 0kf , the PCA showed eigenvalues greater than 1 in the first three PCs. The PC1 explained 71% of the variance and had the same variables for N 0 (Table 6 ). The PC2 accounted for r, correlation coefficient; N 0 , aerobic potentially mineralizable N; N 0kf , potentially mineralizable N at a fixed constant rate (k) (0.054 week -1 ). See abreviations in Table 2 and 4. *, **, ***, significant correlation at 0.05; 0.01, 0.001 probability levels, respectively. ns, no significant. 
Prediction of N mineralizable using multivariate analysis
Taking into account the new variables generated by the PCA (Table 6 ), the MR using stepwise method selected one PC for N 0 at a variable and at a fixed constant rate (Table 7) . High R 2 values were found for predicting N 0 (adj R 2 =0.84) and N 0kf (adj R 2 =0.83). Table 6 . Results of principal component analysis for N 0 and N 0kf . Table 7 . Prediction of potentially mineralizable nitrogen at a variable and at a fixed constant rate using principal component as regressor variable.
Bold letter indicates the variables with higher loadings. N 0 , aerobic potentially mineralizable N; N 0kf , potentially mineralizable N at a fixed constant rate (0.054 week -1 ). See abbreviations in Table 2 and 4.
All prediction equations are constructed in the form y = β0 + x1β1, where β0 is the intercept and β1 is the parameter estimates and x1 is the new variable generated by PCA. N 0 , aerobic potentially mineralizable N; N 0kf , potentially mineralizable N at a fixed constant rate (k) (0.054 week
). (Sharifi et al., 2007; Nyiraneza et al., 2011) .
Using a fixed k (0.054 wk (Sharifi et al., 2007) , in the present study the CV of N 0 and N 0kf .
was similar.
The mean value of k was closer to the 0.054 week
reported by Stanford and Smith (1972) ; this difference among soils was also observed by other authors (Sharifi et al., 2007) . The k values were greater in sandy soils than in loam soils. Schomberg et al. (2009) found higher k values in medium-to coarse-textured soils than in fine-textured soils. This may have occurred because SOM is physically less protected by clays (Nyiraneza et al., 2011) and by the higher labile fraction in medium-to coarse-textured soils ). The high relationship (R 2 =0.94) between N 0 and N 0kf showed that potential mineralization can be measured more easily by standardizing k at a fixed value, despite contrasting k values observed in Table 3 and the differences in soil properties. In addition, other authors (Schomberg et al., 2009; Dessureault-Rompré et al., 2010) stated that it is difficult to identify a compositional factor that is predictive of k.
The mean gNmin value was twice as much as that reported by Schomberg et al. (2009) , who obtained 21 mg kg -1 in different soils in Canada and the USA under contrasting managements. However, they fit in the range studied by Curtin and Wen (1999) for soils under different managements in Canada and they coincide with studies by Dessureault-Rompré et al. (2010) , who studied several soils from four eco-zones in the same country. The Nan values were within the range reported by other authors (Sharifi et al., 2007; Schomberg et al., 2009) . The Nhyd values were similar to those obtained by Gianello and Bremner (1986) for 33 In contrast, differences across sites are very few in terms of labile organic fractions because of a low CV.
They also showed that the labile organic fractions that make up POM represent a small part of SOM.
Relationships among N 0 , N 0kf , N-mineralization indices and labile organic fractions and soil properties
On the basis of Pearson's correlations (Table 5) to soil microorganisms, given that CH content is enhanced under NT (Duval et al., 2013) . In general, labile organic matter (e.g. fPOM-C; fPOM-N; CHt and CHs) tended to be more strongly related to N 0 and N 0kf than to N mineralization indices. Ros et al., 2011; . Also, these organic fractions are known to be highly labile (Duval et al., 2013; Duval et al., 2016) and they can release nutrients in the short term (Galantini and Landriscini, 2007) . Other authors (Ros et al., 2011) had reported close relationships between CHs and mineralizable N. Duval et al. (2013) suggested that CHs are mainly of microbial origin, considering them as highly labile component as energy source for soil microorganisms.
Prediction of N mineralizable using multivariate analysis
In addition, Haynes (2005) stated that hot water-extracted organic matter was largely composed of polysaccharides and N-containing compounds as amino-N and amides. Therefore, CHs and fPOM-N could function as a source of N within the mineralization in these Mollisols. Hence, both labile organic fractions could be used as N mineralization indices, especially when assessing soil quality in these Mollisols characterized by low POM input from crop residues. Several authors (Puget et al., 1999; Duval et al., 2013; had already discussed about the high sensitivity of these labile fractions under different land managements.
Regarding soil texture, showed that N release was faster in sandy soils than in clayey soils because the physical protection of SOM was lower. In this study, sand regulated the levels of (data not shown). These results suggest that N mineralization in these soils was related to the size of SOM and its fractions rather than to its quality. These results were similar to the findings of other studies in contrasting soils (Ros et al., 2011) .
Results of the current study suggest that potential by using PC as regressor and it allowed elimination of the multicollinearity generated from MR models using high correlated variables. The mineralization N pool may be controlled mainly by the variables related to the size of SOM and some fractions in these Mollisols, such as SOC, SON, CHs and fPOM-N. These latter labile organic fractions would be expected to be more sensitive to short-term changes in potential N mineralization due to changes in soil management practices and history. However, its effectiveness for other soils and tillage conditions has to be evaluated.
